In this paper, we present the results of the study on the development of social network analysis (SNA) discipline and its evolution over time, using the analysis of bibliographic networks. The dataset consists of articles from the Web of Science Clarivate Analytics database and those published in the main journals in the field (70,000+ publications), created by searching for the key word "social network*." From the collected data, we constructed several networks (citation and two-mode, linking publications with authors, keywords and journals). Analyzing the obtained networks, we evaluated the trends in the field's growth, noted the most cited works, created a list of authors and journals with the largest amount of works, and extracted the most often used keywords in the SNA field. Next, using the Search path count approach, we extracted the main path, key-route paths and link islands in the citation network. Based on the probabilistic flow node values, we identified the most important articles. Our results show that authors from the social sciences, who were most active through the whole history of the field development, experienced the "invasion" of physicists from 2000's. However, starting from the 2010's, a new very active group of animal social network analysis has emerged.
Introduction
Social network analysis (SNA) is a rapidly developing scientific field that has appeared and grown significantly over the past 50 years. In the 1970's the field was highly fragmented and could be represented by a set of individual scientific groups unrelated to each other; these groups existed mostly due to the significant efforts of some individuals and institutions. During 1970-80's, the International Network for Social Network Analysis and Sunbelt conference, with specialized journals Connections and Social networks appeared. In the beginning of 1990's the representatives of the field have already formed an "invisible college" and the field itself achieved the status of a "normal science" Hummon and Carley, 1993) .
From that point, the field of SNA has grown significantly, both in the number of scientific publications and different disciplines involved (Otte and Rousseau, 2002; Borgatti, Foster, 2003) . To a large extent, substantial increase in interest in this topic was due to the emergence of the Internet in 1990's and online social networks during the 2000's. However, if until the 2000's the field was mostly developed inside different branches of social sciences, starting from the new century it received significant attention from the researchers of the natural science disciplines. The so-called " invasion of the physicists" ' (Bonachich, 2004) resulted in development of Network Science discipline, whose representatives sometimes were reinventing and rediscovering the issues that had been developed in the social sciences for quite some time .
The development of the SNA field was reflected in a set of studies focused both on its historiographical description (Freeman, , 2011 and bibliometric analysis of publications and journals involved in the field. Several authors studied citation structures of works and journals Leydesdorff et al., 2008; Batagelj et al., 2014) , collaboration and co-authorship structures (Otte and Rousseau, 2002; Leydesdorff et al., 2008; Batagelj et al., 2014) , structures of co-citations between works, authors, and journals (Brandes and Pich, 2011) , topical structures and keyword co-occurence networks (Leydesdorff et al., 2008; Groenewegen et al., 2015) . Attention was also given to different subfields (subtopics) of SNA (Hummon et al., 1990; Kejžar et al., 2010; Batagelj et al., 2014 Batagelj et al., , 2019 and subdisciplines within the field (Otte and Rousseau, 2002; Borgatti, Foster, 2003; Lazer et al., 2009; Varga, Nemeslaki, 2012) . These works are presented in greater details in the following section.
In general, various tools of bibliometric analysis has been proposed and extensively used to study scientific disciplines and their development over the last decades. These studies may involve research of various aspects of scientific fields' state and development in different disciplinary and regional areas, such as co-authorship trends in sociology in the USA (Moody, 2004; Hunter and Leahey, 2008) , Slovenia (Mali et al., 2010) , or Russia (Sokolov et al., 2012) ; library and information science in Argentina (Chinchilla-Rodríguez et al., 2012) , economics in Poland (Lopaciuk-Gonczaryk, 2016) , the field of scientometrics and informetrics (Hou et al., 2008) , or comparison of different disciplines: biology, physics and mathematics , mathematics and neuroscience (Barabasi et al., 2002) , or even all research disciplines in a country Ferligoj et al., 2015; Cugmas et al., 2016) . There are also studies of scientific networks in multinational (Glaenzel and Andreas, 2004) and international (Wagner and Leydesdorff, 2005) levels. The data for analysis are usually obtained from particular journals , thematic sets of literature (Hummon and Doreian, 1989; Batagelj et al., 2017) , or the databases of bibliographic information .
The aim of our study, in line with previous research done in the area, is to implement a comprehensive approach for the identification of the main trends of the SNA field development, with a representation of various disciplinary areas, groups of scientists, and thematic agenda in the field. The applied bibliometric analysis has already shown to be productive in a set of studies of different scientific fields and topics (Kejžar et al., 2010; Batagelj et al., 2014 Batagelj et al., , 2017 . It allows analyzing networks of co-authorship, co-occurrence, citation and co-citation between different bibliographic entities, and identifying key publications and actors (authors, research groups, institutions, journals) in the field of SNA, main topics and scientific ideas, connections between them and their evolution in time. The study is based on the analysis of networks of articles from the Web of Science data base and works published in the main journals in the field.
Due to the large volume of obtained information, we had to split our results into three parts published separately: (1) basic statistics and citation network analysis (this paper), (2) analysis of co-occurrence networks, and (3) temporal network analysis. The first section of this paper presents some previous studies in the SNA field. Next, we describe the dataset and some issues of network construction. Section four provides some statistical properties of basic networks, and Section five shows the analysis of citation network.
status of a discipline, but also that the type of science engaged in within social networks field was what Kuhn had labeled a "normal science".
Based on the analysis of the number of works related to the SNA field in databases of sociological, psychological and biomedical publications in period 1974 , Otte and Rousseau (2002 came to the conclusion that 'it was only in the early 1980's that SNA started its career'. Interestingly, while the fast growth of number of publications without any sign of decline was mostly seen in the sociology, the biomedical and psychological literature showed the modest increase as well, which 'proves that other fields, besides Sociology, have used the term and the techniques' of SNA. Using the information from the Sociological Abstracts database, authors also constructed the co-authorship network and extracted the most prolific authors.
These 'pioneer' works were followed by a number of other studies of the field of SNA and its subtopics and subdisciplines, which used different data analysis methods. Based on the same resourceSocial Networks journal -Leydesdorf, Schank, Scharnhorst, and De Nooy (2008) presented the temporal analysis of keywords co-occurrence and co-authorship networks, constructed out of the works published in the period [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] , and extracted the most central figures, belonging to certain branches of the field, and common and specialized topics appearing in the journal's articles through time. Studying the journal's citation structures (in both cited and citing dimensions), authors found its strong connection with other sociological journals, and lower strength connections with journals from psychology, organization and management studies. They also showed that in some years the journal was also cited in a larger citation environment, including journals in physics and applied mathematics. However, 'in spite of the fact that the citation impact of Social Networks in recent years has increased, this has not changed its disciplinary identity': it still 'can be considered as a representative of sociology journals', rather then an 'interdisciplinary journal'. In a later study, Groenewegen, Hellsten, and Leydesdorff (2015) also combined social network and semantic network analyses to study the developments of content coverage of Social Networks and the internal consistency of its community of authors, and analysis of networks of concepts and authors to understand how the community and their interests has developed from 1978.
A comprehensive studies of the SNA field development were made by Batagelj, Doreian, Ferligoj, Kejžar, and others, who studied the collaboration networks among social network analysts and contributors to network science, citations between works, and citations between journals , based on the data obtained from different databases of bibliographic information. Using variety of networks, constructed out of diverse bibliometric entities (works, authors, journals, keywords, citations, publication year), the analysis of several branches of SNA field was also done on the topics of centrality measures , clustering and classification (Kejžar et al., 2010) , and blockmodeling (Batagelj et al., 2019) . The findings of these studies confirmed the trend of the 'invasion to the field' from other disciplines: while in the early period the SNA field was developed in different branches of social sciences, starting from 2000's, the key highly cited works in the field belonged to the authors from physics (mostly), computer science, neurosciences, and medicine. The presence of these disciplines in the SNA topic and collaboration structures of the field became more visible. Detailed description of the physicists' appearance in the field of SNA and their tension with social scientists was shown by Freeman (2011) .
Using the dataset SN5 (Batagelj, 2008) presented by (2014) (Web of Science descriptions of articles on social networks till 2007) Brandes and Pich (2011) implemented the procedure of bibliographic coupling (based on closeness of nodes according to their citing patterns) to different sets of bibliographic entities -works, authors and journals. The analysis revealed the same patterns that were observed in previous studies: the distinction between different groups of authors -social network scientists and the representatives of Network science discipline -with the latter forming the most cohesive groups according to the similarity of citation patterns both in sets of works and authors. The analysis of journals similarity according to their 'citation behavior' supported the previous conclusions Leydesdorff et al., 2008) that the field has its own specialty journal Social Networks, which is positioned in the group of sociological journals.
Some authors paid attention to the development of the SNA within different disciplines, which in general follows the same trends. In their review of Network analysis usage in Management and Organizational research, Borgatti and Foster (2003) also showed the exponential growth of publications in the field indexed by Sociological Abstracts and containing "social network" in the abstract or title in the period of 1970-2000's. Studying organizational network studies by means of bibliographic coupling and citation network analysis, Varga and Nemeslaki (2012) found the strong connection of this field to economics, management and business science, and sociology. Otte and Rousseau (2002) , being interested in social information discipline, found the presence of SNA there as well: some of the most active information science authors also published articles in the journals from SNA field (such as Scientometrics, JASIS(T), Journal of Classification). Lazer, Mergel, and Friedman (2009) studied the development of the SNA field within sociology -"which has served as the primary home of social network analysis over the last several decades". Looking at the co-citation patterns of papers published in two leading general sociological journals, the American Sociological Review and the American Journal of Sociology at three time points -1990-92, 2000 and 2005 , they delineated different 'canons' typical for different time points and the associated authors in each. Being especially interested in the impact that works written within physics had on the study of social networks within sociology, they found the "rapid entry of the physicists into the canon between 2000 and 2005, and a possible centralization of the field around small-world networks related research".
Thus, the previous studies done in the field of SNA development show that the institutionalization of the field reflected in the rapid increase of the yearly number of articles related to it, which was constantly growing from 1970-80's. According to Freeman, these data show that the study of social networks is rapidly becoming one of the major areas of social science research . On the other hand, even though the initial involvement into the field of SNA was interdisciplinary , recently the field had to face some challenges, with physicists' invasion being one of the most important (Lazer et al., 2009; Brandes and Pich, 2011; Batagelj et al., 2014; Freeman, 2011) . Based on these previous findings, the current study aims to evaluate the main changes that the field came through its history and to highlight the current trends of its development.
Data

Data collection and cleaning
The source of data for our research was Web of Science (WoS), Clarivate Analytics's multidisciplinary databases of bibliographic information. The data set is composed of two parts. It is based on the SN5 data collected for the Viszards session at the Sunbelt 2008 , and contains all the records obtained for the query "social network * " and articles from the journal Social Networks, till 2007. We additionally searched for the works without full descriptions which were most frequently cited and papers on SNA of around one hundred social networkers. The final version of SN5 contained 193, 376 works, 7, 950 
Figure 1: WoS record
Computational Social Networks, Applied Network Science, Online Social Networks and Media, Journal of Social Structure, and Connections -were considered, but were not abstracted in the WoS. Figure 1 presents an example of a record describing an article as obtained from WoS. We had to limit our search to the Web of Science Core Collection because for other databases in WoS the CR fields, which contain citation information, could not be exported.
The works, which appear only in WoS CR fields as references, do not have a full description in the collected data set, and are called terminal works. As such works can be higly cited and in this sense important, we additionally collected full descriptions for works with high (at least 150) citation frequences using WoS. If a description of a work was not available in WoS, we constructed a corresponding description without CR data, searching for the work in Google Scholar (exported in RIS biblographic format and converted into WoS with a special R function). We also included manual descriptions of important works without the CR field from the dataset BM on blockmodeling (Batagelj et al., 2019) . We should note that additional influential papers, usually published earlier, could be overlooked by our search queries because they do not use the now established terminology. Finally, our data set included 70,792 WoS records with a complete description.
Some comments should be given concerning the choice of the dataset for the current study. Even though for a long time Web of Science had a monopoly in the field of scientific work abstraction and evaluation, other sources of bibliometric data appeared -such as Scopus, Google Scholar, special citation resources and scientific social media (SciFinder, Mendeley, etc.) . Previous comparison of different databases has shown that they vary significantly according to their coverage of certain scientific disciplines, and have their pros and cons. For example, Google Scholar is shown as providing broad coverage for most disciplines, while Scopus and WoS are found out to have less publications and weaker represention of the works in the social sciences and the humanities. At he same time the amount of works for all disciplines, especially for engineering, was found to be higher in Scopus, then in WoS (Hilbert et al., 2015; Harzing and Alakangas, 2016; Martín-Martín et al., 2018) . WoS contains mainly publications from the journals with certain level of impact factor, while Google Scholar contains different types of sources, including journals, conference papers, books, theses and reports. This can be important for the representations of those disciplines where the journals are not the only prestige sources for scientific knowledge sharing (but also conference proceedings, reports, etc.), and publications are not the only types of scientific contributions (but also software, data, patents, etc.) (Franceschet, 2009) . We propose that this can lead to certain underrepresentation of some fields in our dataset, where SNA is developingfor example, computer science. At the same time, an important feature of WoS is that it provides coverage back to 1900 with descriptions including references (CR field); for other databases, the information on citations is included to the descriptions of publications only from 1970 (Scopus), or not included at all (Google Scholar) (Elsevier, 2018; WoS, 2018) . Together with lower consistency and accuracy of data in Google Scholar, it makes the choice of WoS most appropriate for the current study. However, it should be noted that the results are inevitably relative to the available data.
Basic networks construction
Using WoS2Pajek 1.5 (Batagelj, 2007) , we transformed our data into a collection of networks: onemode citation network Cite on works (from the field CR) and two-mode networks -the authorship network W A on works × authors (from the field AU), the journalship network WJ on works × journals (from the field CR or J9), and the keywordship network WK on works × keywords (from the fields ID, DE or TI). An important property of all these networks is that they share the same first node set -i.e. the set of works (papers, reports, books, etc.) -wich means that they are linked and can be easily combined using the network multiplication into new derived networks . The reslults of these networks analysis are presented in a separate paper (Part 2).
Works that appear in descriptions can be of two types: those which have full descriptions (hits), and those which were only cited (listed in the CR fields, but not contained in the hits). These information was stored in a partition DC, where DC[w] = 1 if a work w has a WoS description, and DC[w] = 0 otherwise. Partition year contains the work's publication year from the fields PY or CR. This information is essential for the construction of temporal networks analyzed in Part 3. Also the vector NP was obtained, where NP [w] = number of pages in a work w. WoS2Pajek also builds a CSV file titles with main data about hits (short name, WoS data file line, first author, title, journal, year), which can be used to list the results.
The usual ISI name of a work (its description in the field CR) has the following structure: AU + ', ' + PY + ', ' + SO[:20] + ', V' + VL+ ', P' + BP (first author's surname, first letters of his/her name, the year of publication, the title of the journal, its volume and the number of starting page; + denotes concatenation), which results in such descriptions as GRANOVETTER M, 1985, AM J SOCIOL, V91, P481 (all the elements are in the upper case). As in WoS the same work can have different ISI names, WoS2Pajek supports also short names (similar to the names used in HISTCITE output), which has the following format: After all iterations of cleaning (see Appendix A for details), we finally constructed the data set used in this paper. From 70,792 hits (works with full description, DC = 1) we produced networks with sets of the following sizes: works |W | = 1, 297, 133, authors |A| = 395, 971, journals |J| = 69, 146, key words |K| = 32, 409. We also removed multiple links and loops from the networks and labeled the 
Reduced networks construction
As it was already explained, for the cited only works (DC = 0) only partial descriptions are provided: we have information only about the first author, the journal and the publication year, and we have no information on the keywords (as there are no titles in ISI names and cited works). That is why for further analysis we constructed networks, which contain only works with complete description (DC > 0). All the link weights in the obtained networks were set to 1. We labeled these reduced networks CiteR, WAr, WJr, and WKr. In obtained networks, the sizes of sets are as follows: works |W | = 70, 792, authors |A| = 93, 011, journals |J| = 8, 943, key words |K| = 32, 409 (remained the same) ( Table 1) .
Statistics on basic networks 4.1 Distributions on CiteN
In Figure : 5,035 (2012), 6,081 (2013), 7,006 (2014), 9,285 (2015), 9,693 (2016) . For 2017 and 2018 the amount of works is reduced -9,042 and 2,618, respectivelydue to the incompleteness of the WoS data base for recent years. The distribution fits pretty well to the exponential model. The obtained values shows that the amount of works almost doubles in each 3 years (log(2)/log(1.2338) = 3.299148). c · a year−1965 , where a = 1.2338, and c = 0.2526.
The right side of Figure 2 shows the publication years for the works which are cited only by the hits (DC = 0). It is clearly seen that the majority of works which are being cited are published recently: if there are 13,202 works published in 1990, starting from 2000 the amount of works is 33,185 (2000) , 50,211 (2005), 67,343 (2010) . The amounts of works published after 2014 is decreasing: it is 52,074 (2014), 39,724 (2015), 23,704 (2016), 8,045 (2017), and 479 (2018) , which simply means that works In Figure 3 , the indegree distribution in CiteN -cumulative and density -in double-logarithmic scale is shown. This distribution fits well the power law distribution f = c · n −α , with fitted α = 2.3007 and c = 749338. A small number of works attracts a large number of citations, and the large number of works attracts only small number of citations. Works with the largest indegrees are the most cited papers. Table 2 presents 60 most cited works (indegree in CiteN). Almost half (28) of these works are published before 2000, and quarter of them (15)1 5 10 50 500 5000 1e+00 1e+02 1e+04 1e+06 SN17 citation indegrees cumulative / logs deg numThere are also some representatives of the other disciplines, in topics such as social network sites and social media (including highly rated article of Boyd D., Social network sites: Definition, history, and scholarship, published in 2007 and having 2447 citations); medicine (including well-known works of Christakis and Fowler on spread of obesity and smoking), and management.
Works with the largest outdegree in CiteN are the most citing works. These works are books, introductory chapters of books, and review articles. Most of these works belong to the field of social sciences, they include education, human relationships, archaeology, migration, internet studies, and social media, but not exactly the topic of SNA. However, some works published in journals in physics and computer science do address the issues of network analysis (Boccaletti on complex networks, Costa on complex networks, Castellano on social physics of social dynamics, Brandes on methodological foundations of network analysis), as well as works representing -quite surprisingly -the field of Animal social networks.
Distributions on WAr
As the works with incomplete description (cited only, DC = 0) contain information only on the first author of works, it is correct to use WAr reduced network to get the information of the number of authors per work and works per author (outdegree and indegree of a network).
The distribution on the number of authors in works according to the reduced WAr network is presented in Figure 4 , and the partition of number of authors in works according to this network in Table 3 . The majority of works (91%) are written by 1 author (19%), or in co-authorship of 2 (26%), 3 (24%), 4 (15%), and 5 (8%) authors. In some works, however, the amount of authors is pretty high. The extreme' case is the work Sharing and community curation of mass spectrometry data with Global Natural Products Social Molecular Networking published in Nature Biotechnology in 2016, which has 126 authors. Almost all the works with a large number of co-authors belong to the field of natural science (medical, health, epidemiological, and behavioral studies). For these fields, the inclusion of all authors involved in a research project is quite a frequent practice. However, the third rated article Discussion on the paper by Handcock, Raftery and Tantrum (287). The issue of the super-productivity of these groups of authors was discussed by Harzing (2015) -this is the well-known "three Zhang, four Li" effect: 80% of people in China have one of only around 100 surnames. Thus, there is a high chance that different authors, having the same surname and first letter of the name, shrink together, creating 'multiple personalities'. This problem could be overcame if we would use a special ID (such as ORCID) for each scientist (but this information is not provided in WoS yet). Table 4 only those authors are presented that did not have Chinese or Korean names. After the serial number, the number from the original distribution is preserved, so that it can be seen how many authors with "multiple personalities" are presented in the data. However, with these names the authors disambiguation problem still occurs, as there are authors with such widespread surnames as Smith, Rodrigues, Johnson, etc. The table list the well-known authors from the SNA field. The most prolific authors are Latkin (130 works), Valente (97), Dunbar (91), Newman (81), Christakis (74), Doreian (72), Carley (72) , Burt (71), and others. 
That is why in
Distributions on WJn and WJr
The distribution of number of works per journals is presented in Figure 5 . It has a scale-free form. According to the indegree distribution of the WJn network, the majority of journals -in sum, 83% -are represented in the data set with 1 (58%), 2 (12%), 3 (6%), 4 (4%) or 5 (2.5%) works. Other 17% (11,976) journals have 6 works and more. Table 5 shows the most used journals, which have the maximum values of the indegree distribution in networks WJn (journals used in all publications) and WJr (journals used in the publications with complete description). The journals in social sciences are marked in boldface.
The left side of the table presents the indegree from WJn (DC = 0, DC = 1). It contains quite a lot of journals from the social sciences -such as sociology, psychology, management and business. However, the dominant journal is Lecture Notes in Computer Science, which has 7,757 works, followed by Social Science & Medicine and Journal of Personality and Social Psychology with more then 3,000 works published. Other journals that have more then 2,000 works are multidisciplinary journals as Proceedings of the National Academy of Sciences of the USA, Science, Nature, as well as disciplinary journals Computers in Human Behavior, American Journal of Public Health, and American Sociological Review. These journals are followed by other top-ranked journals in different disciplines having more than 1,500 works published, such as (in descending number of works) Physica A, Animal Behaviour, American Journal of Sociology, Journal of the American Medical Association, Lancet, Scientometrics, Academy of Management Journal, Lecture Notes in Artificial Intelligence, Journal of Applied Psychology, American Economic Review. The main field's outlet -Social Networks journal -is positioned on the18th place, having 1642 works. The remaining journals cover many disciplines such as Medicine, Psychiatry, Gerontology, Psychology, Management, Marketing, Computer and Information science.
However, the situation changes quite significantly if we look at the journals with the largest amount ) . The first place is still taken by Lecture Notes in Computer Science with 2,009 citations, which is followed by Social Networks with 1,134 citations. In this list, the amount of journals from the field of social sciences is less then at the left side. In the WAr network, some journals have shown up in the top, which were not presented in the list of top-40 works in WJn network -such as Plos One, Communications in Computer and Information Science, Social Network Analysis and Mining, and others. Some journals, which were on the top of WJn network indegree distribution, have lowered their positions -such as American Journal of Sociology, -while some journals have disappeared -such as Nature or Animal Behaviour. This means that works from these journals are cited quite intensively by the works found by the network-related search query (hits), but at the same time they are not found by this query, as they have other keywords. Thus, the right side of the table better represents the current thematic directions in the field.
Distributions on WKn
For the works with full description (DC = 1) the keywords are supposed to be presented in the special fields DE (Author Keywords) and ID (Keywords Plus) of the description. However, for some articles this information is not provided. In such cases the keywords are constructed by WoS2Pajek from the titles of works. All composite keywords were split into single words, and lemmatization was used to deal with the word-equivalence problem. However, the works which are cited only (DC = 0) do not have keywords.
The majority of works in WKn (95%) do not have any keywords -these are the works which do not have a complete description (DC = 0). The amount of keywords for 70,792 works varies from 1 to 84. The most frequent keywords are presented in Table 6 . Not surprisingly, the words social and network are mentioned in the largest number of works, followed by analysis, which shows the relevance of the data to the topic being studied. Some other frequently used words -model, community, graph, structure, relationship, tie (marked in boldface) -are related to network analysis, while others -datum, base, information, research, theory, algorithm, approach, pattern, effect -to the scientific research in general. There are also words related to some exact topics which are being studied in network analysisonline, networking, facebook, internet, site, web; health, behavior; support; communication; influence; innovation; trust. We should note that keywords can have different meanings in different contexts; however, their identification in different subgroups (of authors or works) can give us better understanding of the topic structure of the SNA field.
5 Citation network
Boundary problem in Citation network
The original CiteN network had 1,297,133 nodes. Considering the indegree distribution in this network we got the following counts for the lowest number of received citations: 0 (41,954), 1 (933,315), 2 (154,895), 3 (58,141), and 4 (29, 885), which all together cover 94% of citations. Thus, most of the works were terminal (DC = 0) or were referenced only once or twice (indegree = 1 or 2). Therefore, we decided to remove all the 'cited only' nodes with indegree smaller then 3 (DC = 0 and indeg< 3) -the boundary problem . We also removed all the nodes starting with string [ANON.
Finally, we got a subnetwork CiteB with 222,086 nodes and 1,521,434 arcs.
Analysis of Citation network
It is interesting to observe how many citations are per years. We combined CiteB network with partition on years Years.clu of publications and constructed the network of citations between years, where the values of lines are equal to the number of times that all works published in one year were cited in all works published in another year (the network is directed, only later years can cite previous years). Figure 6 presents the distribution of citations between years in a three-dimensional space. The majority of citations in recent works are done to the recent works as well. The years having the largest amount of citations from other years are 2010 (88,840), 2009 (82,294), 2007 (80,129), 2011 (79,843), 2008 (77,595) . Among top-20 years, there are only several years which do not belong to the 2000's: 1999 (39,629), 1998 (36,649), 1997 (27,667), and 1996 (26,216) . The largest line weights are from 2015 and 2016 to 2010 (16,384 and 15,755, respectively) and 2011 (16,026 and 15,944) . Figure 7 presents the curves of normalized values of citations per each year in the period 1985-2018 (54 years in total). It clearly shows that the yearly citation patterns do not vary significantly from year to year -there are always noticeably more citations done to the recent works, then to works published previously. This effect was already observed in the analysis of large bibliographic data sets from WoS (Šubelj and Fiala, 2017) .
A citation network is usually (almost) acyclic; however, it can include some small cyclic parts, which can be identified as nontrivial strong components of the network (with the minimum size 2). First we searched for nontrivial strong components (see Appendix B for details). To get an acyclic network, as required by the SPC weights algorithm, we applied the preprint transformation to CiteB. The preprint transformation function replaces each work u from a strong component by pair of nodes -published work u and its preprint version u . Node u is labeled by the label of node u preceded by a character "=". Published work can cite only preprints. Each strong component was replaced by a corresponding complete bipartite graph on pairs . The resulting network CiteT has 222,189 nodes and 1,521,658 arcs.
We computed the SPC weights on CiteT network arcs Batagelj, 2014) . The normalized SPC weight of an arc is equal to the probability that a random path through the network is passing through this arc. We identified main paths (CPM main path and Key-route paths) in this network, and then used Link islands approach to find the most "important" parts of this network. To find the most "important" nodes in the network this approach was supplemented by the Node islands approach; we also computed probabilistic flow for the network CiteT. Figure 8 displays the CPM Main path through the SNA literature (which is the same to the one obtained with the Main path procedure), which includes 59 nodes. We divided this CPM Main path to three parts, according to the disciplinary of the works that are presented.
CPM main path and Key Routes
The first group, composed of the works published in 1944 -1996, present the works of network scientists from the social sciences. These works appeared (see Appendix C) Farine, who has 6 out of 25 works. While the invasion of physics into the SNA field was already shown in other studies (Lazer et al., 2009; Brandes and Pich, 2011) , the appearance of the third group in the Main path is quite surprising. For the centrality literature analysis it was shown that the trend goes from physics to neuroscience and for network clustering literature it consists only of social and physical parts (Batagelj et al., 2019) The procedure of Key-route paths produces a more nuanced image of most important paths in the SNA literature, as it contains some deviations from the structure of the network, identified with the CPM Main path method. Figure 9 shows the obtained Key-route paths, which contain 127 nodes. Basically, we still get the division into three previously mentioned groups.
Key-route paths the first period includes 50 works of the SNA from the social scientists. It starts with two works of Heider on his theory of social perception and cognitive organization (1944, 1946) , which form the basis for the work of Cartwright (1956) on structural balance. Later, two works of Holland on structural models follow, published in 1970-1971. Next comes the classical paper of Granovetter on strength of weak ties (1973), which is a basis for the works of Breiger on clustering relational data and White on blockmodels, followed by Alba on the measure based on social proximity in networks, and Boorman on role structures in multiple networks, published in 1975-76. Then there are 6 works of Burt on positions in multiple networks (stratification and prestige), structural equivalence and networks subgoups, published from 1977 to 1981, which have connections to the works of Holland on social structure, Breiger, Lauman, and Wellman on communities structures, Breiger on social roles, and Faust on structural and general equivalences, published at about the same time period. Summing up, this group of works is dealing with network and community structures, positions, structural equivalence, and blockmodels.
These works are followed by works on measurement and different network metrics: of Romney and Bernard (1982) on recalled data for networks construction, and Stephenson on centrality (1989). The last work is also connected to the works of Mizruchi on measures of influence, Bonacich on power and centrality measures, and Burt, Mariolis, Mizruchi on interlock networks. This is followed by the work of Freeman on the measures of centrality, which was published in 1991, and it is very strongly connected to the work of Valente on social network thresholds in the diffusion of innovations (1996) . Another strong connection of Valente goes to the previous work of Michaelson (1993) on the development of a scientific specialty as a diffusion through social relations.
The work of Valente is the one bridging the first group of scientists from the social science with the group of physicists, which includes 28 works from the Network science discipline published in the second period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) ). Valente's work was cited by Newman in the work on the small-world network model, appeared in 1999. This work is followed by others on the same topic (small-world networks), written by Moore, Newman, as well as by the work of Callaway on random graphs (2000). Then both directions meet at the work of Strogatz on complex networks. Then this topic continues, including clustering and preferential attachment in growing networks and spread of epidemic diseases on networks (Newman, , 2002 . Since 2003 to 2006, this topic goes to the direction of community structures detection in large networks.
We should note, however, that there is also an epidemiological turn in the observed network, which starts from the works of Stephens and Freeman, followed by Milardo, Neaigus, and Rothenberg in the works on the diseases transmission (1992-98), and Potterat in the infections transmission (1999). These works are cited by Ferguson (disease transmission), and then the route comes back to the main path to the Newman's work on the structure and function of complex networks (2003) .
Since that time, the topics of the obtained Key-routes network change significantly. The work of Newman on community structures is strongly connected to the work of Lusseau (2009) on animal social networks, which starts the third period (2008-2018) with 49 works of the behavioural ecologists. This work is followed by many others, on the same topic: Krause, James (2009) with general works on animal SNA, and Ramos-Fernandez, Kasper, Voell, Lehmann, Brent, Sueur (2009 -2011 , working with social networks of Nonhuman Primates (monkeys, baboons). These works are followed by Croft (2011), which represent a practical guide on hypothesis testing in Animal social networks. This work is cited by others presenting the research on mixed-species groups (Farine), killer whales (Foster), sharks (Mourier), dolphins (Cantor), published in 2012, and birds (Silk) and starlings (Boogert), published in 2014. There are also some more works on the methodological issues -of Hobson (An analytical framework for quantifying and testing patterns of temporal dynamics in social networks), Castels (Social networks created with different techniques are not comparable), and Pinter-Wollman (The dynamics of animal social networks: analytical, conceptual, and theoretical advances), published in 2013-2014. These works are followed by four works of Farine, published in 2015, on both methodological issues on constructing, conducting and interpreting animal SNA, and study of the wild birds territory acquisition. We should also note that there are some works connected to the main path, which represents the social personality and phenotype (Wilson, Alpin, Farine), published in 2013-2014.
The upper part of the network contains of works published in the last years, 2016-2018. It presents studies on disease transmission (Adelman, Sah, Silk, Dougherty), and the studies of animal paths tracking (Leu, Spiegel). Also it contains works on theoretical issues (Current directions in animal social networks by Croft, Social traits, social networks and evolutionary biology by Fisher) and implementation of different models of network analysis to Animal behaviour research: exponential random graph models and statistical network models (Silk), the potential of stochastic actor-oriented models (Fisher), dynamic vs. static SNA (Farine).
The full information on the papers (first author, title, journal, year of publication) included into the Main path and Key-route paths is presented in Table 7 in the Appendix C. It is also relevant for our analysis of the islands, presented in the following subsections. In this table, the second column (code) describes in which analysis the work appears: 1-Key-routes, 2-Main Path (CPM), 3-Island 5, 4 -Island 4, 5 -Node Island, 6 -Probabilistic Flow Island.
Link Islands
Using Islands approach, we searched for SPC link islands (on link weights) (Batagelj et al., 2014, p. 55-57) with the number of nodes between 10 and 200, and found 5 islands of 138, 65, 13, 12, and 11 nodes. The obtained largest Island 4 with 138 nodes is presented in Figure 10 . Its structure reminds the structure of the Key-route paths -there are 89 overlapping nodes in two networks. The majority of the works presented in this island (from bottom to the work of Valente, published in 1996) belong to the social network scientists, whose works were alreday discussed in previous subsection. In comparison to the Key-routes, this network includes more evident group of works on blockmodeling -by Faust, Doreian, and Batagelj, published in 1992 Batagelj, published in -1997 . In the physicists part (from Newman, 1999 to Newman, 2006 on the main route) the topic of evolving networks is also presented (Bianconi, Yook, 2001 , Jeong, 2003 . The third, behavioural ecologists' part is pretty short and finishes by the works on animal social networks published in 2010.
However, this group is fully presented in another Island 5 containing 65 nodes (Figure 10 ). It has 39 overlapping nodes with the Key-routes. 'New' works in the island also belong to the topics on animal social networks described above. However, there are some works devoted to the methodological issues of Network analysis itself -reconstructing animal social networks from independent small-group observations (Perreault, 2010), temporal dynamics and network analysis (Blonder, 2012), mining of animal social systems (Krause, 2013), animal social network inference and permutations for ecologists in R (Farine, 2013), estimating uncertainty and reliability of social network data using Bayesian inference (Farine, 2015) . It is interesting that this group form a separate subnetwork, even though it is connected to the upper part of Island 4 by topic. It may mean that the works included into this subnetwork are more connected to each other, while social animal network works in Island 4 are more strongly connected to the previous works of physicists.
Other obtained islands are presented in Figure 12 . For the purpose of better visibility of the picture, the weights were multiplied by 100. The left Island 2 consists of 12 works in the field of social networks in education, including issues of leadership, teachers and students communication and collaboration. Another very coherent group is presented in the same figure on the bottom left. These are 11 works in Neuropsychiatrie written by Austrian authors. The left upper island presents 13 works of physicists with the strongest links between the work of Boccaletti published in 2014 on the structure and dynamics of Using Node islands approach we searched for the node islands in SPC network of size [10, 200] , and got one island of size 200. The works appeared in that island in large part overlap with the works from Islands 4 and 5. These works are listed with the code 5 in the Table 7 .
Probabilistic flow
The Probabilistic flow algorithm determines a node index (and a link weight). The node value is equal to the probability that a random path starting in some initial node reaches this node. We computed the Probabilistic flow (Batagelj et al., 2014, p. 81-82) on the CiteT network, and determined the 200 nodes with the largest values of the probabilistic flow index. They are presented in Table 7 .
39 works out of the first 60 works from the obtained table overlap with the works from the table of 60 works with the largest indegree values of CiteN network ( Table 2) Faust (1994) , Watts (1998 ), Granovetter (1973 ), Boyd (2007 , Barabasi (1991) , Freeman (1979 ), Burt (1992 , Milgram (1967) . There are also physicists in the top of this distribution are Watts (1998), Barabasi (1999 ), Girvan (2002 ), Newman (2003 ), Albert (2002 . Works appeared in the list of probabilistic flow, which are not in the list of the most cited works, are works of physicists (Strogatz, Watts, Albert), computer scientists (Brin), mathematicians (Bollobas), scientometricians (Page, Redner), and social scientists (Katz, Mitchell, Glaser) .
By contrast, the obtained set of works is quite different from the lists of most "important" works obtained with SPC algorithm (main path and key-routes) and islands approach. However, there are some intersections of the works from the Probabilistic flow list with works which are included to the subnetworks of main path, key-route, and islands 5 and 4 (see Table 7 , Appendix C). The 14 works which appear in the maximum subnetworks, including probabilistic flow, are works of several social scientists -Granovetter (1973) on strenght of weak ties, White (1976) on the blockmodels of roles and positions, and Cartwright (1956) on structural balance and generalization of Heider theory, -while the majiority of works belongs to physicists: Newman, Albert, Strogatz, Clauset, Boccaletti on complex networks and community detection.
Conclusions
Our study uses the bibliometric approach for studying the field of SNA. In this paper we presented only the first part of the study -the analysis of the basic networks constructed out of the collected dataset and their reduced versions, including only the works with the full WoS description. In general, we can make a conclusion on the relevance of the obtained data to the research objects: the lists of most cited works, most used journals and, especially, keywords (with top words social, network and analysis) do not contradict our basic knowledge of the SNA field. These data were used for more complex analysis.
The results show that starting from its institutionalization in the 1980-1990's, SNA field has grown significantly both in terms of the number of publications and the amount of disciplines involved into the research using SNA approach. The number of publications shows the constant growth, and on average it doubles every 3 years.
The analysis confirmed the previous studies on the SNA field development using citation network analysis. Up to the middle of 1990's the most "important" works belong to the authors from the social sciences, and starting from 2000's the field experience the "invasion of physicists". To our surprise, from 2010's both groups experience the "invasion" of scientists from a completely another field -animal SNA. The presence of this group is also seen in other results: we identified the journal Animal Behaviour, as well as some active authors, having large amount of works. This does not mean that either social scientists or physicists are not presented in the field anymore -it means that the newly appeared group is quite active both in number of publications and citations of each other. According to the analysis of journals, another active field of SNA research goes from the field of Computer science, with Lecture notes in Computer Science being the journal with the largest amount of works published. One can argue, however, that this is more a series of different publications on Computer Science, including conference proceedings, but not a single journal.
However, in spite of all "invasions" the most cited works still belong to the social scientists -with Wasserman, Faust, and Granovetter on the top. Other highly cited works are intermixed between social scientists (Freeman, McPherson, Burt, Coleman, Putnam, Scott, Everett and Borgatti, and others) and physicists (Newman, Watts, Barabasi, Albert, Girvan, and others) . Social networks, the main journal in the SNA field, occupies a very high position among the journals where the works from our data set were published. It has lower position in terms of citations from the whole data set.
Possible explanation of some groups appearance can be due to the nature of algorithms used for identification of main subgroups of the observed citation networks. Main path algorithm forces to connect the nodes in the network, even if the line weight between some of them can be low. Islands approach identify locally important part of the network, which should be distinct from their neighbourhood. We can propose that the works on some topics could not form a separate island, as they are embedded to the subgroup of main island. More detailed explanation of the different groups in SNA field appearance and coexistence should be provided with the further analysis of derived networks, such as networks of coauthorship and co-citation between journals and authors (Part 2), and temporal analysis of these networks (Part 3).
Once again, we should highlight that for the results of bibliographic network analysis the coverage of bibliographic database used in the research is extremely important. We can propose that for future analysis a combination of different data bases (such as WoS, Scopus, Google Scholar, and others) can be used. However, the problem of identification of different entities (journals and authors) can still occur, that is why we can state the need of standardization of information published in bibliographic data bases. but in many cases referenced as being published in 2008. There were also cases when the short names were different due to the discrepancies in the descriptions -such as GRANOVET M(1973 )78:1360 and GRANOVET M(1973 )78:6, or COLEMAN J(1988 )94:95 and COLEMAN J(1988 94:S95. Also the names of some authors were presented in a different way -for example, GRANOVET M and GRANOVET . We identified these cases for all works with the large (at least 3) indegree frequencies in the Cite network.
To resolve these problems, we have to correct the data. There are two possibilities: (1) to make corrections in the local copy of original data (WoS file); and (2) to make an equivalence partition of nodes and shrink the set of works accordingly in all obtained networks. We used the second option . For the works with the large frequences we prepared lists of possible equivalents and manually determined equivalence classes. With a function in R we produced a Pajek's partition of equivalent work names representing the same work. We used this partition to shrink the networks Cite, WA, WJ, and WK. The partitions year, DC and the vector NP were also shrunk.
Similar problem was also with journals titles. The network WJ had 70,425 journals. Due to the inconsistencies in titles writing in different descriptions, it contained sets of nodes denoting the same journal. To get the list of these nodes, we constructed for each journal title a short code, which was formed out of the first two letters of each word in the journal's title, -such as SONEANMI for SOCIAL NETWORK ANALYSIS AND MINING, -and then sorted so that the journals with the same code were grouped together. We decided to manually inspect all journals with at least one of their names cited at least 200 times. To get these counters we computed in Pajek the 2-mode network Cite*WJc and determined the vector wIndegJ.vec with weighted indegrees for journals. We obtained a list of candidates for inspection with 5,482 titles. To additinally reduce the number of titles to inspect we decided to consider only titles that appeared in at least 3 citations. Finally, we got the list journalK100.csv with 3,714 titles, that were manually inspected. After manualy checking this list was reduced to 1,688 titles. Some examples of the journal titles grouped according to their codes are presented in the Figure 13 .
However, some jurnal titles can appear also in an abbreviated form based on initials -for example, the Journal of the American Statistical Association could be coded as JAMSTAS according to its short title J AM STAT ASS and as JA according to its abbreviation JASA. That is why we also produced a list of frequent journals names of length at most 5, have chosen all the cases that could be considered as abbreviations, such as CACM, JACM, JASA, LNCS, NIPS, JASSS, IJCAI, BMJ, JOSS, and others, and performed a manual search for the abbreviations of these jornals in the original list of 70,425 journals. We grouped all the jornal titles which included the same abbreviations -an example is presented on the Figure 14 (it is seen that there were different codes generated to different titles). The results of the search were added to the first obtained list, and finally the list and the corresponding partition for network shrinking were produced.
B Appendix: Strong components
The citation network CiteB has 41 nontrivial strong components of different sizes, which are presented in the Figure 15 . The reciprocal (cycle) links are marked with the bluse colour, while directed pink lines also show the connections of these nodes with others. In the majority of cases, mutual referencing between the works is a characteristic of papers published in the same issue of the journal. For example, the first large cycle is combined of 12 works published in a special issue named Social Networks: new perspectives in the journal Behavioral Ecology and Sociobiology 
C Appendix: Main publications
